, Waimea River on the island of Kauai, T. H., had one of the severest floods in its history as a result of torrential rains, caused by a storm associated with the only typhoon ever recorded in the proximity of the Hawaiian Archipelego.-At one rainfall station in the basin, 50 inches of rain was recorded during a 72-hour period. Kawaikoi Stream, in the headwaters of Waimea River basin, reached a maximum discharge of 7, 980 second-feet, or 1,950 second-feet per square mile.
A rubble wall along the right bank of Waimea River just below the mouth of Makaweli River, constructed to contain the flow, was overtopped and the entire town of Waimea was flooded. The. water was about a foot over the top of the wall at most places. No lives were lost, but damage to property was about $200, 000.
This report presents detailed records of stages and discharges at four gaging stations in the basin during the flood period August 15-18 in the Waimea River basin, a summary of flood discharges at gaging stations on the principal streams on the island of Kauai, a description of the physical features of the drainage basin, a description of the two types of storms that prevail on the Hawaiian Islands, and a section on the meteorology of the storm of August 15-18. Figure 46 is a map of the island of Kauai, which shows the location of the gaging stations referred to in this report, the location of .rain gages in the area where rainfall was the greatest, and lines of equal rainfall for the period August [14] [15] [16] [17] [18] [19] 1950 .
STAGES AND DISCHARGES AT STREAM-GAGING STATIONS
Records of daily mean discharge for the year July 1950 to June 1951 at gaging stations covered by this report will be found in a forth- coming Geological Survey water-supply paper, Surface Water Supply of Hawaii, 1950-51 . Daily mean discharge, however, is generally insufficient for the detailed analysis involved in flood studies, which require knowledge of the rate of discharge and corresponding stages at more frequent intervals. The main purpose of this report is to provide such detailed information.
Detailed records of discharge for the gaging stations in Waimea River basin appear on the following pages. For each station, the records include a description of the gaging station, daily mean discharge, and total runoff for the"4-day period August 15-18, and hourly gage height and discharge for the 4-day period. Hydrographs for Waimea River near Waimea and Makaweli River near Waimea for the 4-day period are plotted in figure 47.
As peak discharges were much greater than the range covered by the stage-discharge relation as defined by current-meter measurements, it was necessary to determine the peak discharge by some indirect method--in this case, by the slope-area method. A fuller description of the slope-area method is presented in Water-Supply Papers 773-E, 796-G, 798, 799, 800, 816, 843, and Drainage area. --1. 6 sq mi.
Gage-height record. --Water-stage recorder graph.
Discharge record. --Stage-discharge relation defined by current-meter measurements below 32 cfs (21mgd) and extended to peak stage by logarithmic plotting. Gage heights used to half-tenths between 2. 3 and 5. 0 ft, hundredths below and tenths above those limits.
Maxima. Table 1 summarizes the maximum flood stages and discharges given in the preceding section of this report. It gives also the maximum stages and discharges for the gaging stations on the island of Kauai outside the Waimea River basin, thereby providing a summary for all currently operated gaging stations on the principal rivers and streams on Kauai. The map reference numbers on this table are applicable to figure 46. Figure 48 shows the flood discharges, in second-feet per square mile, which are listed in table 1, plotted against the corresponding drainage areas.
Annual floods in Waimea River
In addition to detailed information on a specific flood, the engineer is interested in the relative magnitude of the flood with respect to other floods that are known to have occurred at the same point. Table  2 lists the annual floods in Waimea River. Records prior to the fiscal year 1940-41 have been revised on the basis of tests of a model of the station site. 1922 1923 1923 1925 1925 1927 1927 1928 1930 1930 1931 1932 1933 1935 1935 1937 1938 1939 1940 1940 1942 1942 1943 1945 1945 1946 1947 1949 1950 1950 
PHYSICAL FEATURES OF KAUAI
Kauai is the fourth in size of the eight main islands in the Hawaiian Archipelego, and lies at the northwest end of the group. The island is 555 square miles in area," and is approximately circular in outline. The central mountain mass gives the island an approximate cone shape. The apex of the cone is formed by the two peaks Waialeale and Kawaikini, altitudes 5, 080 and 5, 17U feet respectively. Kawaikini, the higher, but less well known of the two peaks, is about a mile due south of Waialeale, and the connecting ridge is nowhere less than 5, 000 feet in altitude. From this central mountain mass, streams radiate in all directions.
Kauai is the oldest of the eight principal islands, and because it is more maturely dissected than others, its various natural features are better differentiated. The valleys are longer, deeper, and broader than those of the other Hawaiian islands. The island has luxuriant vegetation owing to abundant rainfall, and it has been properly termed the Garden Island.
According to the territorial health department, the population of Kauai as of January 1951 was 30,374. The people live in small towns and villages, the largest of which are Waimea, Lihue, and Kapaa. The island has excellent roads around the perimeter except for a section along the northwestern coast where precipitous cliffs drop almost vertically into the Pacific Ocean. That section is known as Na Pali coast (in English, The Cliff coast ).
Rainfall varies greatly in different parts of the islands according to exposure to trade winds and to elevation above the sea. The average annual rainfall along the coast line ranges from 15 inches at Mana, which is at the leeward, or western, side of the island, to 45 inches at Lihue at the east end, and to 100 inches at Hanalei, which is on the windward, or northern, side of the island where the moisture-laden trade winds strike first. The increase in rainfall is rapid with increase in elevation. At the summit of Waialeale the maximum annual rainfall recorded by the U. S. Geological Survey was 624 inches in 1948.
The Waimea River basin lies on the leeward side of the island and comprises an area of about 58 square miles exclusive of the Makaweli River basin. It is the largest river basin on the island. It is shaped like a square in its upper part, 7 miles on a side. Almost all the tributary streams rise on the northeastern side at an elevation of 4, 000 to 5, 000 feet and flow southwestward to the main stream, which flows southward in a spectacular canyon 2, 000 to 3, 000 feet deep. This Waimea Canyon is especially noteworthy. It is about 10 miles long and about a mile wide and in coloring and sculpture it may be compared with the Grand Canyon of the Colorado. At present gaging stations are operated on Waiahulu, Kawaikoi, Mohihi, and Waimea streams in the northern part of the basin, and on Waimea River and Makaweli River, which joins the Waimea River lj miles above the outlet into the ocean, at the lower portion of the basin.
METEOROLOGICAL FEATURES OF THE FLOOD

Precipitation
The storms that occur in the Hawaiian Islands are generally of two types, referred to as trade wind storms and kona storms. The source of the trade wind storms is in the North Pacific subtropical anticyclone. A characteristic of a trade wind storm is that the total rainfall increases with altitude. The projection of the mountains far up into the prevailing trade winds is a dominant factor in the production of precipitation over the windward slopes of the islands. Records of past storms indicate that the trade wind type does not produce floods of such magnitude as the kona type.
The kona storms generally occur during the cooler months of the year. They are preceded by strong and persistent southerly winds, and are generally produced by frontal advance associated with the extratropical cyclones over the North Pacific. The direction of the kona storm is generally from southwest, with highest precipitation being recorded on the lee side of the mountain ranges.
*
In August 1950 the Hawaiian Islands came under the influence of a tropical cyclone of full hurricane force. According to the U. S. Weather Bureau this was the first instance in 45 years of meteorological records in this area that a storm of such intensity had approached so close to the islands. Inasmuch as this was the first Hawaiian hurricane, it was designated as Able , or, in the Hawaiian language, Hiki Isohyetal lines shown on the map ( fig.46 ) were based on all available rainfall records. Most of the gages were located in relatively low-lying areas and permitted the plotting of ishoyetal lines with a satisfactory degree of accuracy in these districts. The rain gages located in the area of greatest rainfall are read at bi-monthly intervals, however, but fortunately were read a short time before the storm. Thus the amount read after the hurricane could all be attributed to the precipitation due to the storm.
Rainfall records collected froA the rain gages in the Waimea basin are presented in table 3. The gage at the ranger station at Kokee is read daily, and the installation at Waialeale is a continuous recorder. Their records afford some hint as to the daily precipitation at the other gages, which give only the total rainfall for the storm. The Hawaiian hurricane Hiki was first detected on the charts at the Honolulu Airpost during the night of August 13. It moved into the Hawaiian area from the vast expanse of ocean southeast of the islands, from which reports are rarely available and about the meteorology of which little is known. Such data as have been available in previous years indicate that the intertropical convergence zone between 120° and 168° west longitude normally does not advance far poleward into the summer hemisphere. Hence, the trade winds of the northern and southern hemispheres rarely converge at large angles, the shift frequently being only from east-northeast to east-southeast.
Scattered reports from ships in the area during the summer of 1950 had on several occasions shown the intertropical convergence zone to be farther north than usual with a westerly flow as far north as the 10th parallel--conditions favorable for the development of tropical cyclones. The research ship-*Horizon"encountered these westerlies near the 145th meridian, south of the region where Hiki probably formed, at approximately the time of the storm's inception. Figure  49shows the progress of the storm from -a point southeast of the Hawaiian Islands to a point in the eastern hemisphere where the storm had largely spent its force. Hiki arrived east of Hilo an immature storm of very small diameter. Airplane reconnaissance on August 14 estimated the velocity of surface winds to be 45 to 50 knots (52 to 58 miles per hour) near the center. During the next 24 hours the storm intensified, reaching full hurricane force; however, it remained of small diameter, and winds of gale force extended outward less than 150 miles. The northwest movement of the hurricane became blocked temporarily on August 17 as a high pressure ridge west of the Hawaiian Islands intensified. During the next 24 hours the hurricane was forced slowly southward, seemingly poised between lower troposphere currents, which would have carried it farther westward, and higher-level westerlies, which tended to carry it northeastward. At this stage an airplane reconnaissance reported winds up to 90 miles per hour just south of the storm center, and it became necessary to alert the populations of Kauai and Oahu against possible loop movement of the hurricane, which would have carried it east and northeastward through the Kauai channel.
Fortunately the blocking action to the west eased and Hiki resumed its westward movement, passing south of French Frigate Shoal and Midway Island before it began its curvature near 170° in the eastern hemisphere.
Distinguishing features of Hiki's curvature were that the movement of the hurricane was not accelerated and that, as colder air circulated into its lower vortex from the north on August 29 and 30, it came virtually to a standstill and filled rapidly. Ships reporting near the storm center at that time indicated that the maximum winds diminished there from more than 85 miles per hour to less than gale force.
The eye of the storm was entered by two reconnaissance planes and several ships. It was described as being 20 to 25 miles in diameter, overcast, with lowest pressure 29. 00 inches.
As all of Hawaii remained in the southern or less dangerous semicircle of the hurricane, Hiki caused little wind damage. The highest sustained winds reported were 68 miles per hour at Kilauea, Kauai; 50 miles per hour on the island of Niihau; and 48 miles per hour at Lanai airport on the island of Lanai. The roofs of several houses were blown off, and unbraced masonry walls of one house under construction were blown over. One life was lost at Kohala, Hawaii, by electrocution through contact with a live wire blown down by strong winds. The greatest damage resulted from flooding of the Waimea River on Kauai, where more than 200 residents had to be evacuated.
Hurricane Hiki differs from kona storms in that Hiki had most of its energy concentrated around a small center, whereas kona storms generally have their energy spread over much larger areas. Mechanically the two storms are quite different. The kona storms depend upon cool air for sustenance whereas tropical cyclones such as Hiki depend upon uniformly warm moist air. Upper air currents of the average kona storms are nestled.in p.ools of cold air, whereas tropical cyclones like hurricane Hiki may be described as pools of warm air. Both types of storm, however, produce cloudy and very rainy weather and also humid and depressive conditions near the surface.
Tropical cyclones of the eastern Pacific are called hurricanes, while in the western Pacific they are known as typhoons . In the south Pacific tropical cyclones are generally called hurricanes; near Australia they are sometimes called willy-willys ; in the Phillipines they are called baguios ; and in the Indian Ocean near India they are sometimes called Bay of Bengal cyclones. In the Atlantic they are known as hurricanes. Actually they are the same phenomenon and the difference in nomenclature is only a geographical one.
